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(54) HIGH-STRENGTH, HIGH-TOUGHNESS STAINLESS STEEL EXCELLENT IN RESISTANCE TO 
DELAYED FRACTURE 



(57) The present invention makes the best use of a 
low-cost chemical composition in providing a high 
strength and high corrosion resistance stainless steel, 
which has improved delayed fracture resistance and 
toughness in particular, for building and construction us- 
es, and as, for example, a stainless steel tapping screw. 

The present invention is, specifically, a stainless 
steel and a stainless steel screw with high strength and 
high toughness and excellent in delayed fracture resist- 
ance, characterized by: comprising, by mass, 0.01 to 



0.25% of 0, 0.05 to 1.0% of Si, 0.1 to 2.0% of Mn, 0.1 

to 3,0% of Ni, 11.0 to 16.0% of Cr. 0.01 to 0.15% of N, 
and 0.01 to 3.0% of Mo; containing, optionally, 0.001 to 
0.005% of B and/or one or more of 0.05 to 0.5% of Ti, 
0.05 to 0.5% of Nb, and 0.05 to 0.5% of W; having less 
than 1 0% of fen-ite in the center portion of the material; 
and having a mixed structure of martensite and 3 to 30% 
of austenite in the surface layer from the outermost sur- 
face to the depth of at least 1 ^m, and a method to pro- 
duce the same. 
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Description 

Technical Reld 



5 [0001] The present invention relates to a high strength and high corrosion resistance stainless steel, which has, in 
particular, improved delayed fracture resistance and toughness, for building and construction uses, and to a stainless 
steel screw, for example. 

Background Art 

10 

[0002] Conventional high strength and high con'osion resistance stainless steel screws made of martensitic stainless 
steel have high strength and low toughness in the center portion and are prone to generate screw head fracture caused 
by delayed fracture and the like. 

[0003] The addition of Ni has been proposed as a measure to improve the toughness and the delayed fracture 
15 resistance of martensitic stainless steels (see Japanese Unexamined Patent Publication No. H9-206792). 

[0004] On the other hand, a dual phase steel the outermost layer of which consists of martensite and the center 
portion of which consists of martensite and ferrite is known to be good both in ductility and strength (see Japanese 
unexamined Patent Publication No. H7-316740). 

[0005] The above technologies can improve the toughness and delayed fracture property of conventional stainless 
20 steels, but sufficient effects cannot always be obtained when they are applied to screws for high fastening strength use. 

Disclosure of the Invention 

[0006] In view of the above situation, the object of the present Invention is to solve the problems and provide, at low 
25 cost, a stainless steel having improved toughness and delayed fracture resistance, in addition to con'osion resistance 
and strength. 

[0007] The inventors of the present invention discovered, as a result of various studies to solve the above problems, 
that it was possible to stably produce a high strength and high tougliness stainless steel excellent in delayed fracture 
resistance by controlling the metallographic structure (martensite + austenite) at the surface of a dual phase stainless 
30 steel material through the control of its chemical composition and of surface reforming such as nitriding. 

[0008] They also discovered that it was possible to stably produce a high strength and high toughness stainless steel 
excellent in delayed fracture resistance by accelerating the surface nitriding through structure control to make it easier 
to harden the surface and by lowering the hardness of the center portion. The present invention has been established 
based on these findings. 

35 [0009] The first present invention is, therefore, a high strength and high toughness stainless steel excellent in delayed 
fracture resistance comprising 1 1 .0 to 1 6.0 mass % of Cr and characterized by having a mixed structure consisting of 
martensite and 3 to 30% of austenite in the surface layer from the outemnost surface to the depth of at least 1 jim. . 
[0010] The second present invention is a high strength and high toughness stainless steel excellent in delayed frac- 
ture resistance according to the first present invention, characterized in that said stainless steel comprises, by mass 

40 %, 0.06 to 0.25% of C, 0.05 to 1 .0% of Si, 0.1 to 2.0% of Mn, 0.1 to 3.0% of NI, 11 .0 to 16.0% of Cr, 0.01 to 0.15% of 
N, and 0.01 to 3.0% of Mo, with the balance consisting of Fe and unavoidable impurities, and has less than 10% of 
ferrite structure in the center portion of the material. 

[0011] The third present invention is a high strength and high toughness stainless steel excellent in delayed fracture 
resistance according to the first present invention, characterized in that said stainless steel comprises, by mass %, 
45 0.01 % or more but less than 0.06% of C, 0.05 to 1 .0% of Si, 0. 1 to 2.0% of l^n, 0.1 to 3.0% of Ni, 1 1 .0 to 1 6.0% of Cr, 
0.01 to 0.15% of N, and 0.01 to 3.0% of Mo, with the balance consisting of Fe and unavoidable impurities, and has 10 
to 80% of ferrite structure in the center portion of the material. 

[001 2] The fourth present invention is a high strength and high toughness stainless steel excellent in delayed fracture 
resistance, as described above, characterized by containing 0.001 to 0.005 mass % of B. 
50 [0013] The fifth present invention is a high strength and high toughness stainless steel excellent in delayed fracture 
resistance, as described above, characterized by containing, by mass %, 0.5% or less in total of one or more of 0.05 
to 0.5% of Tl, 0.05 to 0.5% of Nb, and 0.05 to 0.5% of W. 

[0014] The sixth present invention is a high strength and high toughness stainless steel excellent in delayed fracture 
resistance, as described above, characterized by containing 0.4 to 2.0 mass % of Cu. 
55 [0015] Further, the seventh present Invention is a method to produce a high strength and high toughness stainless 
steel excellent in delayed fracture resistance, characterized by nitriding a steel having the chemical composition de- 
scribed above in the temperature range equal to or higher than 950^C so as to form a mixed structure consisting of 
martensite and 3 to 30% of austenite in the surface layer from the outennost surface to the depth of at least 1 ^m. 
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[0016] The eighth present invention is a high strength and high toughness stainless steel screw excellent in delayed 
fracture resistance, characterized by: consisting of a steel having the chemical composition described above; having 
a mixed structure consisting of martensite and 3 to 30% of austenite in the surface layer from its outermost surface to 
the depth cf !ccct GmC! huViri^ « SumoCc narciricoo cCjuai to or uiyiiei Ihan Hv 450. 
5 [001 7] The ninth present invention is a method to produce a high strength and high toughness stainless steel screw 
excellent in delayed fracture resistance, characterized by nitriding a screw having the chemical composition described 
above in the temperature range equal to or higher than 950°C so as to form a mixed structure consisting of martensite 
and 3 to 30% of austenite in the surface layer from the outemiost surface to the depth of at least 1 \m. 

10 Brief Description of the Drawings 

[0018] 

Fig. 1 is a graph showing the relationship between the amount of ferrite in the center portion of a steel material for 
^5 screws and the Incidence of screw head fracture (caused by impact during screw down and delayed fracture 

thereafter). 

Fig. 2 is a graph showing the relationship between the amount of austenite in the surface layer and the incidence 
of screw head fracture (caused by the impact during screw down and delayed fracture thereafter). 

20 Best Mode for Carrying out the Invention 

[0019] In the first place, the chemical composition range of a steel having the matrix according to the first and second 
present inventions is explained hereafter. 

[0020] 0.06% or more of C is added to a steel to secure the strength of martensite in the matrix. If C is added in 

25 excess of 0.25%, however, steel toughness is deteriorated and so is delayed fracture resistance. For this reason, the 
upper limit of the content of C is set at 0.25%. A preferable C content range is from 0.010 to 0.20%. 
[0021] 0.05% or more of Si is added to a steel because Si is required for the deoxidation of steel. When it is added 
in excess of 1 .0%, however, the steel hardness after softening heat treatment is increased as a result of solid solution 
hardening, and cold workability is deteriorated. The upper limit of the Si content is, therefore, set at 1 .0%. A preferable 

30 range of the Si content is from 0.1 to 0.6%. 

[0022] Mn is added to 0.1% or more because Mn is required for deoxidizing steel and accelerating the nitriding 
process in order to form a mixed structure consisting of martensite and austenite in the surface layer, through the 
nitriding treatment, within a short time. However, if Mn is added in excess of 2.0%, the above effect does not increase 
and softening resistance is Increased, deteriorating cold workability as a consequence. For this reason, the upper limit 

35 of the Mn content is set at 2.0%. A preferable range of the Mn content is from 0.2 to 1 .0%. 

[0023] 0.1 % or more of Ni is added for the purpose of enhancing toughness and delayed fracture resistance. When 
more than 3.0% of Ni is added, however, softening resistance increases, deteriorating the cold workability as a result. 
For this reason, the upper limit of the Ni content is set at 3.0%. A preferable range of the Ni content is from 0.2 to 2.0%. 
[0024] 11 .0% or more of Cr is added to form stainless steel and to accelerate the nitriding process for the purpose 

40 of forming a mixed structure consisting of martensite and austenite in the surface layer. When Cr is added in excess 
of 16%, however, the mixed structure consisting of martensite and austenite is not formed In the surface layer. For this 
reason, the upper limit of the Cr content is set at 1 6.0%. A preferable Cr content is from 1 2 to 1 5%. 
[0025] 0.01 % or more of N is added to enhance the strength of martensite in the matrix. IHowever, when N is added 
in excess of 0.15%, blowholes occur and the production becomes very difficult. For this reason, the upper limit of the 

45 N content is set at 0.15%. A preferable N content is from 0.01 to 0.12%. 

[0026] 0.01% or more of Mo is added to improve corrosion resistance of a steel. When it is added in excess of 3.0%, 
however, it becomes impossible to form a mixed structure consisting of martensite and austenite in the surface layer. 
For this reason, the upper limit of the Mo content is set at 3.0%. A preferable range of the Mo content is from 0.5 to 2.5%. 
[0027] Explained below are the reasons why the amount of ferrite in the center portion of a material is limited in the 

50 present invention. When the amount of ferrite In the center portion is equal to or larger than 1 0%, carbo-nitrides of Cr 
precipitate at ferrite grain boundaries, deteriorating toughness. Fig. 1 shows the relationship between the amount of 
ferrite in the center portion of a steel material for screws of a 0. 1 6C-0.2Si-0.3Mn-1 .1 Ni-1 3-to-1 6Cr-2Mo-0.09N system 
and the incidence of screw head fracture (caused by the impact during screw down and delayed fracture thereafter). 
When the ferrite amount is equal to or larger than 10%, the incidence of screw head fracture increases drastically. For 

S5 this reason, the amount of ferrite In the center portion of a material is defined as below 1 0% and preferably 5% or less. 
Here, the balance of the center portion consists of a martensite phase or a martensite + austenite phase. 
[0028] Next, explained are the reasons why the structure of the surface layer is limited in the present invention. 
[0029] When the structure in the layer from the outemiost surface to the depth of at least 1 \m or more is composed 
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of a martensite single phase, toughness and delayed fracture resistance are deteriorated. In order to improve the 
toughness and delayed fracture resistance, therefore, the present invention sets forth that the above layer has to 
cnmnriQft n% nr more of austenite in addition to the martensite. Fig. 2 shows the relationship between the amount of 
austenite in the surface layer and the incidence of screw head fracture (caused by the impact during screw down ana 
5 delayed fracture thereafter). The figure demonstrates that, when the amount of austenite in the suri'ace layer is equal 
to or lower than 3%, the incidence of screw head fracture increases drastically. When the layer contains more than 
30% of austenite, on the other hand, the hardness of the surface Is reduced and so is its strength. For this reason, the 
percentage of the austenite phase in the surface layer is limited to 30% or less. A preferable percentage range of the 
austenite is from 5 to 20%. Although the surface layers of the examples of the present invention are refonmed by nitri- 
de ding, other methods of surface refomiing treatment such as carburizing, surface plating (+ alloying treatment), etc. 
may also be employed in the present invention. The surface conditions stipulated in the present invention also include 
those obtained through a vacuum hardening process without the surface refomiing. 

[0030] Hereafter, the reasons for specifying the characteristics of the first, second and third present inventions are 
explained. 

15 [0031] When there Is 10% or more of ferrite In the center portion of a material and C is added in excess of 0.06%, 
cariDo-nitrides of Cr precipitate at femte grain boundaries, deteriorating the toughness and the delayed fracture resist- 
ance of the steel. The upper limit of the C content is, therefore, set at below 0.06%. When the C content is less than 
0.01%, in contrast, with the same femte percentage in the center portion, steel strength becomes insufficient and, 
hence, the lower limit of the C content is set at 0.01%. 

20 [0032] Next, the reasons why the ferrite structure of the center portion of a material is limited in the present invention 
are explained. 

[0033] If the structure of the center portion of a material is a mixed structure consisting of martensite and 1 0 to 80% 
of ferrite, its crystal grain size becomes as fine as 30 ^im or less during nitriding at 950 to 1 ,1 OO^'C, and the nitriding 
process is accelerated by grain boundary diffusion, making it possible to effectively increase the surtace strength while 
25 maintaining the strength at the center portion of the material at a low level and to fonn the dual phase structure of 
martensite and austenite in the layer from the outermost surface to the depth of at least 1 ^im, so as to enhance 
toughness and delayed fracture resistance. For this reason, the structure of the center portion of a material is specified 
to include 1 0 to 80% of ferrite, according to requirements. A preferable percentage range of the ferrite is from 20 to 
60%. Here, the balance of the center portion of the material consists of a martensite phase or a martensite + austenite 



[0034] Next, the reasons why the characteristics of the fourth present invention are specified are explained hereafter. 
[0035] 0.001% or more of B is added, as required, in order to further enhance the steel toughness. When it is added 
in excess of 0.005%, however, borides are formed and, adversely, the toughness is deteriorated. The upper limit of 
the B content is, therefore, set at 0.005%. A preferable range of B content is from 0.001 5 to 0.004%. 

35 [0036] Next, the reasons why the characteristics of the fifth present invention is specified are explained hereafter. 
[0037] One or more of Ti, Nb and W is added to 0.05% or more each, as required, in order to suppress the crystal 
grain growth during quenching through the pinning effect of carbo-nitrides and to enhance steel toughness. When the 
elements are added in excess of 1.0% in total, in contrast, the toughness Is deteriorated. For this reason, the upper 
limit of the total amount of these elements is set at 1 .0%. 

40 [0038] Then, the reasons why the characteristics of the sixth present invention is specified are explained hereafter. 
0.4% or more of Cu is added, as required, for the purpose of increasing the corrosion resistance of a steel. When it is 
added in excess of 2.0%, however, the amount of retained austenite in the surface layer increases, resulting in a poor 
screw-driving property. For this reason, the upper limit of the Cu content is set at 2.0%. 

[0039] Then, the reasons why the characteristics of the seventh present invention is specified are explained hereafter. 
^5 When nitriding is applied at a temperature lower than 950^0, while the surface hardness increases, cartdo-nitrides 
precipitate abundantly near the surface and steel toughness (screw head fracture resistance) is deteriorated. Hence, 
the lower limit of the nitriding temperature is set at 950°C. 

[0040] Then, the reasons why the characteristics of the eighth present invention is specified are explained hereafter. 
A stainless steel screw applied to a hard material such as a steel sheet is not useful unless its surface hardness is at 
50 least Hv 450 or higher. For this reason, the lower limit of the surface hardness of a screw according to the present 
invention is set at Hv 450. 



55 [0041] The present invention is explained hereafter based on examples. 

[0042] Table 1 shows the chemical compositions of steels A to I, T to W, AB, AC and AF to AH to which the present 

invention is applied (invented steels) and comparative steels J to S, W to Z, AA, AD, AE, and Al to AK. 

[0043] The invented steels A to D and the comparative steels J to 0 have the chemical compositions of 0.2Si-13Cr- 



30 phase. 



Example 
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2Mo as their basic compositions and have varying contents (%) of C, Mn, Ni and N, which influence the structures of 
the surface layers and the toughness and delayed fracture resistance of the steels, with regard to the examples of the 
first, second and seventh to ninth present Inventions. 

[uu44j The invenied s'leeis E and F and ine comparaiive sieei P nave ine cnemicai composiiions of O.ioC-O.Sivin- 
5 1.1 Ni-1 3Cr-2Mo-0.09N as their basic compositions and have varying contents (%) of Si, which influences the toughness 
and cold workability, with regard to the examples of the first, second and seventh to ninth present inventions. 
[0045] The invented steels G to I and the comparative steels Q to S have the chemical compositions of 0.1 6C-0.2Si- 
1.2Ni-0.08N as their basic compositions and have varying contents (%) of Cr and Mo, which influence the structure of 
the surface layer and the toughness and delayed fracture resistance of the steels, with regard to the examples of the 
'0 first, second and seventh to ninth present inventions. 

[0046] The invented steels T to W and the comparative steels X to Z and AA have the chemical compositions of 
0.2Si-0.4Mn-13Cr-2Mo as their basic compositions and have varying contents (%) of C, Ni and N, which Influence the 
structure, strength, toughness and delayed fracture resistance, with regard to the examples of the first, third and seventh 
to ninth present inventions. 

15 [0047] The invented steels B and AB and the comparative steel AD have the chemical compositions of 0.1 6C-0.3SI- 
0.3Mn-1,0Ni-13.ICr-2.1Mo-0.08N as their basic compositions and have varying contents (%) of B, which influences 
toughness, with regard to the examples of the fourth and seventh to ninth present inventions. 
[0048] The invented steels U and AC and the comparative steel AB have the chemical compositions of 0.02C-0.2Si- 
0.3Mn-1 .1 Ni-1 3Cr-2.IMo-0.08N as their basic compositions and have varying contents (%) of B, which influences the 

20 toughness, with regard to the examples of the fourth and seventh to ninth present inventions. 

[0049] The invented steels AF to AH and the comparative steels Al to AK have the chemical compositions of 0.02C/ 
0.1 6C-0.2Si-0.3Mn-1 .1 Ni-1 3Cr-2Mo-0.07N as their basic compositions and have varying contents of Tl, Nb and W, 
which influence the grain size of retained austenite (toughness), with regard to the examples of the fifth and seventh 
to ninth present inventions. 

25 [0050] The invented steels AL and AM and the comparative steels AN and AO have the chemical compositions of 
0.02C/0.16C-0.2Si-0.3Mn-1.1Ni-13Cr-2Mo-0.07N as their basic compositions and have varying contents (%) of Cu, 
which influences the corrosion resistance and the screw-driving property, with regard to the examples of the sixth to 
ninth present inventions. 

[0051] The above steels were hot-rolled into wire rods 6.5 mm in diameter at a finish rolling temperature of 1 ,000*0 
30 through commonly-used stainless steel wire rod production processes. The hot-rolled products thus produced were 
softened in a batch annealing furnace, pickled, then cold-drawn into a diameter of 3.9 mm, softened in a batch annealing 
furnace and pickled once again, cold-drawn into a diameter of 3.85 mm, and cold-formed into drilling tapping screws 
with a cutting edge tip. Then, after removing the furnace atmosphere and replacing it with a nitrogen atmosphere of 1 
atm., the screws were nitrided therein at 1,030*0 for 100 min., quenched by nitrogen cooling, and then tempered at 
35 200*C. The screw-driving property (an indicator of strength), toughness, delayed fracture property, the amount of ferrite 
In the center portion, and the amount of austenite at the outennost surface of the screws were measured. 
[0052] Screw-driving tests were conducted, wherein 1 0 screws were driven into a steel sheet of SS400 (under Jap- 
anese Industrial Standard (JIS)) 1 .6 mm in thickness under the load of 18 kg at the rotation speed of 2,500 rpm, and 
the screw-driving property was evaluated in terms of the time until the first thread of each screw was screwed into the 
40 steel sheet. The screw-driving property (strength) was evaluated as good (marked with O) if said time was 3.5 sec. or 
shorter in average; poor (marked with x) if the average time exceeded 3.5 sec. All the examples of the present Invention 
were evaluated as good in respect to the screw driving property (strength). 

[0053] 5 screws were completely driven into an SS400 steel plate 5 mm in thickness under the load of 27 kg at the 
rotation speed of 2,500 rpm without reducing the rotation speed, and the toughness of the screws was evaluated in 
45 tenns of the incidence of screw head fracture after Impact was applied. The toughness was evaluated as good (marked 
with O) if none of the screw heads fractured; poor (marked with x) if any of the 5 screws showed screw head fracture. 
All the examples of the present invention were evaluated as good in respect to the toughness (screw head fracture 
resistance). 

[0054] 5 screws, each with a stainless steel washer, were completely driven into an SS400 steel plate 5 mm in 
50 thickness, driven further under a torque of 200 kg-cm, and then subjected to a salt spray test (6% NaCI, 35*C, 48 hr), 
and the delayed fracture resistance was evaluated in terms of the incidence of screw head fracture after the above 
test. The delayed fracture resistance was evaluated as good (marked with O) if none of the screw heads fractured; 
poor (marked with x) if the head of any of the 5 screws fractured. All the examples of the present invention were 
evaluated as good in respect to the delayed fracture resistance (screw head fracture resistance). 
55 [0055] The amount of ferrite in the center portion of a material was measured from its area percentage obtained 
through image analysis, after mirror-polishing a longitudinal section passing through the center portion of a screw and 
tinting the ferrite at the section surface by the Murakami etching method. The ferrite amount of the steels according to 
the first present invention was less than 10% and the same of the steels according to the second present invention 
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was 10 to 80%. The amount of austenite at the outermost surface was calculated from the peak strength ratio of 
austenlte to ferrite in an X-ray diffraction measurement. The amount of austenite at the outermost surface of the steels 
according to the present invention was 3 to 30%. 

[0056] Table 2 shows the evaluation results or the steels to which the first, second and seventh to ninth present 
5 inventions were applied. All the steels according to the present invention had a ferrite amount below 1 0% in the center 
portion and an austenite amount of 3 to 30% in the surface layer and demonstrated an excellent screw-driving property 
(strength), toughness and delayed fracture resistance. 

[0057] Table 2 shows the property evaluation results of the steels to which the first, second and seventh to ninth 
present inventions were applied. As described above, the ferrite amounts In the center portion of the invented steels 
10 Nos. 1 to 9 were below 1 0% and their austenite amounts at the outermost surface were 3 to 30%. The steels demon- 
strated an excellent screw-driving property, toughness (screw head fracture resistance) and delayed fracture resist- 
ance. 

[0058] Table 3 shows the evaluation results of the comparative steels in relation to the first, second and seventh to 
ninth present inventions. 

15 [0059] The C content of comparative steel No. 1 0 was too low and, hence, it was poor In its screw-driving property. 
The C content of the comparative steel No. 11 was too high and, as a consequence, it was poor in toughness (screw 
head fracture resistance) and delayed fracture resistance. The Mn content of the comparative steel No. 12 was too 
low and its nitriding was not accelerated and, thus, its austenite amount at the outemnost surface was as low as less 
than 3%. As a result, it was poor in its screw-driving property, toughness (screw head fracture resistance) and delayed 

20 fracture resistance. The comparative steels Nos. 13 and 14 had too high amounts of either Mn or Ni, and austenite 
amounts of 30% or more at the outermost surfaces, and the steels were poor in screw-driving properties. The N content 
of the comparative steel No. 1 5 was too high and its behavior during production was very poor owing to the occun'ence 
of blowholes during casting. For this reason, the steel could not be manufactured into screws. The Si content of the 
comparative steel No. 1 6 was too high and, as a result, it was poor in toughness (screw head fracture resistance) and 

25 delayed fracture resistance. The Cr content of the comparative steel No. 1 7 was too low and its austenite amount at 
the outemnost surface was below 3%, and the steel was poor in toughness (screw head fracture resistance) and delayed 
fracture resistance. The comparative steels Nos. 18 and 19 had too high amounts of either Cr or Mo, and the ferrite 
amounts in their center portions exceeded 1 0%. These steels were poor in toughness (screw head fracture resistance) 
and delayed fracture resistance. 

30 [0060] Next, the evaluation results of the properties of the first, third and seventh to ninth present inventions are 
explained. 

[0061 ] Table 4 shows the property evaluation results of the steels to which the first, third and seventh to ninth present 
inventions were applied. As described before, the amounts of ferrite in the center portion of the invented steels Nos. 
20 to 23 were 1 0 to 80% and their amounts of austenite at the outemnost surface were 3 to 30%, and they demonstrated 
35 excellent screw-driving properties, toughness (screw head fracture resistance) and delayed fracture resistance. 

[0062] Table 5 shows the evaluation results of the properties of the comparative steels in relation to the first, third 
and seventh to ninth present inventions. 

[0063] The C content of the comparative steel No. 24 was too high and, thence, it was poor in toughness (screw 
head fracture resistance) and delayed fracture resistance. The C content of the comparative steel No. 25 was too low 
40 and, as a result, it was poor in its screw-driving property. The ferrite amount In the center portion of the comparative 
steel No. 26 exceeded 80%, and it was poor in screw driving property. The comparative steel No. 27 had a ferrite 
amount less than 10% in the center portion, and it was poor in screw-driving property. 

[0064] Table 6 shows the evaluation results of the examples of the fourth and the seventh to ninth present inventions. 
[0065] The invented examples Nos. 28 and 29 showed excellent screw-driving properties, toughness (screw head 
43 fracture resistance) and delayed fracture resistance. In contrast, the B contents of the comparative examples Nos. 30 
and 31 exceeded 0.005%, and the examples showed poor toughness (screw head fracture resistance) and delayed 

fracture resistance. 

[0066] Table 7 shows the evaluation results of the examples of the fifth and the seventh to ninth present inventions. 
[0067] The invented examples Nos. 32 to 34 showed excellent screw-driving properties, toughness (screw head 
50 fracture resistance) and delayed fracture resistance. In contrast, the total contents of Ti, Nb and W of the comparative 
examples Nos. 35 to 37 exceeded 0.5%, and the examples had only poor toughness (screw head fracture resistance) 

and delayed fracture resistance. 

[0068] Table 8 shows the evaluation results of the examples of the sixth to ninth present inventions. 
[0069] The invented examples Nos. 38 and 39 showed excellent screw-driving properties, toughness (screw head 
55 fracture resistance) and delayed fracture resistance. In contrast, the contents of Cu of the comparative examples Nos. 
40 and 41 exceeded 2.0%, and the examples showed poor screw-driving properties. 

[0070] The superior performance of the steels according to the present invention is clear from the above examples. 
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Table 2 



Evaluation results of properties of invented steels to which claims 1 and 6 to 8 are appiied 


NO 


Steel 


Ferrite amount 
in the center 

nortion of 
material (%) 


Austen ite 
amount at 
outermost 
surface (%) 


Screw-driving 
property 


Toughness 
(screw head 
fracture 
resistance) 


Delayed fracture 
resistance 


1 


A 


8 


8 


0 


0 


0 


2 


B 


1 


13 


0 


0 


0 


3 


C 


3 


6 


0 


0 


0 


4 


D 


0 


5 


0 


0 


0 


5 


E 


0 


8 


0 


0 


O 


6 


F 


0 


23 


0 


0 


0 


7 


G 


0 


5 


0 


0 


0 


8 


H 


0 


7 


0 


0 


0 


9 


1 


0 


9 


0 


0 


O 



Table 3 



Evaluation results of comparative steels related to claims 1 and 6 to 8 


No 


Steel 


Fen-ite amount 
in the center 
portion of 
material (%) 


Austenlte 
amount at 
outermost 
surface (%) 


Screw-driving 
property 


Toughness 
(screw head 
fracture 
resistance) 


Delayed fracture 
resistance 


10 


J 


8 


4 


X 


0 


O 


11 


K 


0 


9 


0 


X 


X 


12 


L 


2 


2* 


X 


X 


X 


13 


IVI 


0 


31* 


X 


O 


O 


14 


N 


0 


33* 


X 


0 


O 


15 


0 












16 


P 


2 


17 


0 


X 


X 


17 


Q 


0 


r 


0 


X 


X 


18 


R 


12* 


18 


0 


X 


X 


19 


S 


15* 


18 


0 


X 


X 



Table 4 



Evaluation results of properties of Invented steels to which claims 2 and 6 to 8 are applied 


No 


Steel 


Ferrite amount 
in the center 
portion of 

material (%) 


Austenite 
amount at 
outemnost 
surface (%) 


Screw-driving 
property 


Toughness 
(screw head 
fracture 
resistance) 


Delayed fracture 
resistance 


20 


T 


70 


8 


0 


0 


0 


21 


U 


50 


10 


0 


0 


0 


22 


V 


40 


6 


0 


O 


0 
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Table 4 (continued) 



Evaluation results of properties of invented steels to which claims 2 and 6 to 8 are applied 


No 


Steel 


Ferrite amount 
In the center 
portion of 
material (%) 


Austen Ite 
amount at 
outennost 
surface (%) 


Screw-driving 
property 


Toughness 
(screw head 
fracture 
resistance) 


Delayed fracture 
resistance 


23 


W 


28 


22 


0 


0 


0 


Table 5 


Evaluation results of properties of invented steels to which claims 2 and 6 to 8 are applied 


No 


Steel 


Ferrite amount 
in the center 
portion of 
material (%) 


Austenite 
amount at 
outermost 
surface {%) 


Screw-driving 
property 


Toughness 
(screw head 
fracture 
resistance) 


Delayed fracture 
resistance 


24 


X 


35 


10 


0 


X 


X 


25 


Y 


65 


8 


X 


O 


0 


26 


Z 


85* 


5 


X 


0 


0 


27 


AA 


8* 


18 


X 


0 


O 



25 

Table 6 



Evaluation results of properties of invented steels to which claims 3 and 6 to 8 are applied and comparative steels 


Classification 


No 


Steel 


Ferrite 
amount In 
the center 
portion of 

material (%) 


Austenite 
amount at 

outennost 
surface (%) 


Screw-driving 
property 


Toughness 
(screw head 

fracture 
resistance) 


Delayed 
fracture 
resistance 


Invention 
example 


28 


AB 


2 


12 


0 


0 


0 


Invention 
example 


29 


AC 


42 


6 


0 


0 


0 


Comparative 
example 


30 


AD 


3 


14 


0 


X 


X 


Comparative 
example 


31 


AE 


45 


8 


0 


X 


X 


Table 7 


Evaluation results of properties of invented steels to which claims 4 to 7 are applied and comparative steels 


Classification 


No 


Steel 


Ferrite 
amount in 
the center 
portion of 
material (%) 


Austenite 
amount at 
outennost 
surface (%) 


Screw-driving 
property 


Toughness 
(screw head 
fracture 
resistance) 


Delayed 
fracture 
resistance 


Invention 
example 


32 


AF 


3 


12 


0 


0 


O 


Invention 
example 


33 


AG 


4 


10 


0 


0 


0 
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Table 7 (continued) 



Evaluation results of properties of Invented steels to which claims 4 to 7 are applied and comparative steels 


Ciassiiicmion 


(NO 


1 _ 
STeei 


hernie 
amount in 
the center 
portion of 
material (%) 


Ausieniie 
amount at 

outemiost 
surface (%) 


£;ic re w- □ nv 1 n a 
property 


(screw head 

fracture 

resistance) 


winy wu 

fracture 
resistance 


Invention 
example 


34 


AH 


50 


10 


0 


O 


O 


Comparative 
example 


35 


Al 


4 


15 


0 


X 


X 


Comparative 
example 


36 


AJ 


3 


14 


0 


X 


X 


Comparative 
example 


37 


AK 


46 


12 


0 


X 


X 


Table 8 


Evaluation results of properties of invented steels to which claims 5 to 8 are applied and comparative steels 


Classification 


No 


Steel 


Ferrite 
amount in 
the center 
portion of 
material (%) 


Austenite 
amount at 
outemiost 
surface (%) 


Screw-driving 
property 


Toughness 
(screw head 
fracture 
resistance) 


Delayed 
fracture 
resistance 


Invention 
example 


38 


AL 


1 


20 


0 


0 


0 


invention 
example 


39 


AM 


40 


25 


O 


0 


0 


Comparative 
example 


40 


AN 


0 


32 


X 


0 


0 


Comparative 
example 


41 


AO 


30 


33 


X 


0 


0 



10 



15 



20 



25 



30 



35 



40 industrial Applicability 



45 



[0071] As is clear from the above examples, the present invention makes it possible to produce, stably and at low 
cost, a high strength and high corrosion resistance stainless steel for building and construction uses, for example as 
a stainless steel tapping screw. In which, especially, the delayed fracture resistance and toughness are improved, and 
hence the present invention is Industrially very useful. 



Claims 

so 1 . A high strength and high toughness stainless steel excellent In delayed fracture resistance comprising 1 1 .0 to 1 6.0 
mass % of Cr, characterized by having a mixed structure consisting of martensite and 3 to 30% of austenite In 
the surface layer from the outemiost surface to the depth of at least 1 \im. 



2. A high strength and high toughness stainless steel excellent in delayed fracture resistance according to claim 1 , 
55 characterized In that said stainless steel comprises, by mass %, 0.06 to 0.25% of C, 0.05 to 1 .0% of Si. 0.1 to 

2.0% of Mn, 0.1 to 3.0% of Nl, 11 .0 to 16.0% of Cr, 0.01 to 0.15% of N, and 0.01 to 3.0% of Mo, with the balance 
consisting of Fe and unavoidable impurities, and has less than 10% of a ferrite structure In the center portion of 
the material. 
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A high strength and high toughness stainless steel excellent In delayed fracture resistance according to claim 1, 
characterized in that said stainless steel comprises, by mass %, 0.01% or more but less than 0.06% of C, 0.05 
tn 1 no/« nf <^\. 0.1 to 2.0% of Mn. 0.1 to 3.0% of Nl. 11 .0 to 16.0% of Cr. 0.01 to 0.15% of N, and 0.01 to 3.0% of 
Mo. with the balance consisting of Fe and unavoidable impurities, and has 10 to 80% of a ferrite structure In the 
center portion of the material. 

A high strength and high toughness stainless steel excellent in delayed fracture resistance according to any one 
of claims 1 , 2 and 3, characterized by containing 0.001 to 0.005 mass % of B. 

A high strength and high toughness stainless steel excellent in delayed fracture resistance according to claims 1 
to 4, characterized by containing, by mass %, 0.5% or less In total of one or more of 0.05 to 0.5% of Tl, 0.05 to 

0.5% of Nb, and 0.05 to 0.5% of W. 

A high strength and high toughness stainless steel excellent in delayed fracture resistance according to claims 1 
to 5, characterized by containing 0.4 to 2.0 mass % of Cu. 

A method to produce a high strength and high toughness stainless steel excellent in delayed fracture resistance, 
characterized by nitriding a steel having a chemical composition according to claims 1 to 6 In the temperature 
range equal to or higher than 950^C so as to form a mixed structure consisting of martensite and 3 to 30% of 
austenite in the surface layer from the outermost surface to the depth of at least 1 ^m. 

A high strength and high toughness stainless steel screw excellent in delayed fracture resistance, characterized 
by: consisting of a steel having a chemical composition according to claims 1 to 6; having a mixed structure con- 
sisting of martensite and 3 to 30% of austenite in the surface layer from its outemiost surface to the depth of at 
least 1 ^m; and having a surface hardness equal to or higher than Hv 450. 

A method to produce a high strength and high toughness stainless steel screw excellent In delayed fracture re- 
sistance, characterized by nitriding a screw having a chemical composition according to claims 1 to 6 in the 
temperature range equal to or higher than 950''C so as to form a mixed structure consisting of martensite and 3 
to 30% of austenite In Its surface layer from the outennost surface to the depth of at least 1 ^m. 
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